A new technology overcomes one of the major problems in applying biological
The fertilizer is a modified urea-formaldehyde polymer (18 percent nitrogen and 10 percent phosphorus). The polymer is hydrophobic and sticks to the oil at the oil/water interface. Two experiments were conducted to demonstrate the ability of the F-1 to remain associated with the oil even when subjected to a dilution effect similar to that present in open environments. In the first experiment, sand was coated with 2,000 mg/kg of crude oil. Approximately 20 mg of nitrogen [total Kjeldahl nitrogen (TKN) ] in the form of (NH 4 ) 2 SO 4 , contained in a complete nutrient formulation, was added to the model oil-contaminated sand. Using F-1 as the source, 120 mg of nitrogen, was added to a separate aliquot of sand. The sands were washed with enough water to represent 1.25 inches of water percolating through a beach. Triplicate TKN determinations were made on both the sand and water after washing. A high amount of F-1 was required to provide a detectable amount of nitrogen in the water phase after washing. The data indicated that 29 percent of the original nitrogen remained in (NH 4 ) 2 SO 4 -treated sand after the washing (6.19 mg in the sand and 14.9 mg in the water). In the sand treated with F-1, 97 percent of the nitrogen remained in the sand (119.5 mg in the sand and 3.14 mg in the water). Growth tests conducted on these sands showed a 60 percent decrease in oil amount (by gravimetric determination) at the end of seven days of F-1 treatment compared to no change with inorganic nutrient treatment. During oil extraction, visually the F-1 treated oil had lost all of its dark color. Color in crude oil is associated with the polar fraction of the oil suggesting that System ET 20 was attacking this fraction.
An additional experiment was conducted to monitor the effect of nutrient dilution on the growth of hydrocarbon degrading bacteria. The procedure compared the growth and emulsification (turbidity) after the F-1, or inorganic nutrients, and oil were mixed and the aqueous phase was removed and replaced with fresh seawater. The data (Table 2) show that F-1 can support growth on crude oil even after the aqueous phase has been replaced twice with freshwater containing no additional nutrients. The bacterial strain designated RAG-1 is an Acinetobacter that can grow on crude oil supplemented with ammonium and phosphate salts. 1 This strain failed to grow under the conditions of the test indicating that the inorganic nutrients were removed during the aqueous phase replacement procedure. It should be noted that the presence of F-1 did not support the growth of strain RAG-1. This and other unpublished results indicate that the general microbial population cannot readily utilize the F-1 as a nutrient source, thus providing a mechanism by which the added organisms can out-compete the indigenous population.
The substrate specificity of the three strains constituting the mixed culture was investigated. Data shown in Table 3 indicate that the strains grow predominantly on alkanes and petroleum products that contain substantial amounts of alkanes (for example, kerosene and paraffin oil). Only strain RL3 showed growth on an aromatic compound (xylene). Other tests with crude oils, following the alkane and aromatic fractions by GC/MS, indicated that the mixed culture was capable of growth of n-alkanes but, did not substantially attack the aromatic fraction. An effort was made to isolate specifically organisms capable of growth on the aromatic fraction of crude oil with F-1 as the nutrient source. This effort yielded a second consortium of aromatic degrading strains that were then added to the mixed culture.
System ET 20, containing these additional organisms, was tested for its ability to utilize the components of crude oil in seawater shake flasks containing 500 mg of oil. System ET 20 was compared to a control (no additions) and to a treatment consisting of the addition of inorganic nutrients to stimulate the natural population. GC/MS was used to follow the disappearance of alkanes (C 14 -C 36 n-alkanes, pristane, and phytane) and 22 aromatics (including naphthalenes, fluorenes, dibenzothiophenes, phenanthrenes, pyrenes, and chrysenes). The analytical methods were based on those developed by U.S. EPA RREL (A. Venosa) and incorporated into methods proposed by U.S. EPA in the September 15, 1994, Federal Register. Table 4 shows the data from the experiment as presented on the basis of the sum of all of monitored alkanes and aromatics. The data clearly show that System ET 20 removed 99 percent of the components monitored during this test. In addition, during the 28-day period, 98 percent of the aromatics were removed. Small amounts of C 34 , C 35 , and the C 2 -chrysene were the only analytes remaining at the end of the test.
Toxicological data developed on System ET 20 using methods proposed by the U.S. EPA in the October 22, 1993, Federal Register suggest that the system is relatively nontoxic.
Conclusion
System ET 20 is a novel and effective bioremediation technology capable of use in open systems. It can significantly degrade the aromatic fraction of crude oil more rapidly than generally accepted for bioremediation. 
